Abstract. Indian construction is a vital domain with an enormous employment potential and its contribution to the economy. Real estate is an essential domain of construction that tackles the housing demands. In the present scenario, this sector is experiencing a slowdown often failing projects. Thus, the aim is to identify the project participant and attributes that lead to delays in the schedule of real estate projects. In this process, we apply the hierarchical analytical process to identify the actor and the causes that result in an overrun. Our findings suggest that to a significant extent delays occur due to contractors under the influence of distinct factors discussed in the study.
INTRODUCTION
The construction sector has been the second largest employer in India; more than 35 million people are employed in the sector, second only to agriculture. Evidently from government records, the construction domain is valued over $126 billion and accounts for more than 60 percent of total investment in infrastructure. The primary cause of growth catalyst in this sector is technological advancement (Deep et al., 2016; Deep et al., 2017a; Deep et al., 2017b; Deep et al., 2017c; Deep et al., 2017e; Wahaj et al., 2017) . Among such factors, innovative technologies and international players lead to enhanced employment across an infinite array of varying skills. Above all these advantages, government initiatives such as "Smart Cities" project and "Housing for All by 2012" are a major game changer for the construction sector in India. In this regard, amplified thrust to the affordable housing with fast approvals and policy changes resulted in a construction boom. Similarly, policy, i.e., "Atal Mission for Rejuvenation and Urban Transformation (AMRUT)" has catalyzed growth in infrastructure and related sectors. According to ©2018 Shumank Deep et al. This is an open access article licensed under the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), in the manner agreed with Sciendo.
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Regardless of these catalytic growth factors, the construction industry is affected by an acute availability of skilled workers, raw material, and political disturbances and above all twin balance sheet problem of Banks and Builders', which are resulting in NPA from the side of industries (Deep et al., 2016) . The slowdown in Indian construction projects possesses inherent risk and increasing complexities, one of which is complication of time overshoot, i.e., delays in project handover, which leads to psychological and arbitrary misconceptions, increased costs of labour that result in increased cost of project, productivity loss, revenue loss, and project failures (Deep et al., 2017a; Deep et al., 2017c; Deep et al., 2017e; Wahaj et al., 2017) . Hence, it is imperative to eradicate or lessen the delays in the handover. Therefore, in the present paper, we propose using the Analytic Hierarchy Process to choose a critical delay factor and delay accountability for the real estate sector in India.
THEORETICAL BACKGROUND
Construction projects are an essential element of countries' productive capacity and efficiency (Dawson, 2008; Osipova & Eriksson, 2011; Aitken & Paton, 2017; Ghadge et al., 2017) . In the present scenario, globally the construction domain is experiencing growth regarding capital cost and complexity (Dawson, 2008) . Dawson (2008) further stated that "importantly, there is an unprecedented level of proposed development and attainment of success in each project depends upon a number of issues which include global economic events"; the statement was further supported by Rahmani et al. (2017) , Lloyd-walker et al. (2014) , Burger and Hawkesworth (2011) .
The construction industry is sceptical to innovation and is affected by negative attitudes and discontent (Wood, 2010; Caridi et al., 2014; Egan, 2014; Dang & LeHoai, 2016; Daniel et al., 2017; Nguyen & Watanabe, 2017) due to its hierarchical nature (Akintoye & Main, 2007; Babaeian Jelodar et al., 2016) that affects schedule/cost performance improvement in construction (Lam et al., 2004; Kale & Karaman, 2012; Love et al., 2017a) . The primary constraint in the way of decentralization of markets and process in the construction industry is that it is a project-driven, sophisticated and conservative sector (Segerstedt & Olofsson, 2010; Fulford & Standing, 2014; Donato et al., 2015; Lessing & Brege, 2015) . Since the projects are carried here at the temporary site by a temporary organisation comprising different parties, i.e., client, consultant, and contractor, and this also terminates after project closure, adds to the complexity and uncertainties associated with it.
Available literature has established that in the past few decades the construction industry in India is marred by unsatisfactory performance due to time and cost overrun. Timely completion, minimisation of cost overrun, lack of on-site hazards and satisfactory quality standards are a measure of a successful project (Palaneeswaran & Kumaraswamy, 2000; Palaneeswaran & Kumaraswamy, 2008) . Risk allocation amongst the contracting parties is an issue that has affected the outcomes of procurement concerning built environment. To avoid any constraints affecting projects, the liability shall be equally distributed among the contracting parties (Deep et al., 2017b; Khan et al., 2017; Singh et al., 2017) .
According to , specifications of the product are determined by its consumer, and the same influence poses to be a significant impact on the activities being conducted at construction sites. Such factors lead to occurrence of short-term relationships in the construction industry between a client and a contractor (Dubois & Gadde, 2002; Fearne & Fowler, 2006; Qu et al., 2011; Ardeshir et al., 2014; Janipha et al., 2015; Cerchione & Esposito, 2016; Ali Kazmi, 2017; Ju et al., 2017) eventually making the price quoted by the contractor the critical factor for evaluation of its bid. It is essential to mention that losses incur to the construction industry due to cost overrun, disputes, claim settlement and the primary reason for occurrence of disputes and disruptions, and such situations are commonly observed due to a lack of accurate information visibility (Mahamid, 2017) and this contributes to the trend of lower profit margins and reduced productivity in this sector. Delays in construction projects occour as a result of , contamination at the site, the bankruptcy of supplier during execution, logistic failure, and community resistance. The absence of transparency and lack of information sharing in this sector have also affected productivity.
Decision Scenario
The real estate construction company, which was subject of study in this work, is a leading maker of specialized housing and township development. Its success will depend on completing the project according to its as-built schedule and getting and delivering new ones. Due to inherent risks and increased complexities of construction projects, delays and cost overruns can frequently be observed (Orangi et al., 2011; Hampton et al., 2012; Edwards et al., 2017; Shen et al., 2017) . Delays can lead to many stereotypes, i.e., disputes between a client and contractors leading to arbitration cost overrun, productivity loss, revenue loss and the termination of work charge. To compensate the damage due to delay, both causes and actors responsible for them must be identified (Yeo & Ning, 2002; Ardeshir et al., 2014; Sigmund & Radujković, 2014; Deep et al., 2016; Barman & Charoenngam, 2017; Deep et al., 2017b; Dixit et al., 2017; Love et al., 2017b; Walker et al., 2017) . The analysis involves delay time calculation, identification of causes and the actor responsible for the delay.
Client induced delays, i.e., delayed availability drawings and specifications, frequent changes and inadequate site information result in counterclaims from both the main contractors and sub-contractors and lead to arbitration and substantial financial repercussions (Mitkus & Mitkus, 2014; Ju et al., 2017; Mahamid, 2017) . Contractor induced delays can be attributed to poor project management, lack of planning and poor financial management (Love et al., 2011; Barman & Charoenngam, 2017; Komurlu & Arditi, 2017) . It is observed that topmost factors that cause cost overrun are the lack of involving contractor during design, meager site management and supervision, theft on site, repeated design change, incomplete design, change in material specification, act of God, and mistake in design and financial management on site and constructor bankruptcy. This was confirmed in the findings by Srivastava and Banerjee (2015) The present study aims at identification of the actor causing maximum delays and the attributes responsible for the occurrence of delays. To achieve this aim, the following research question has to be answered:
 Which actor is responsible for the occurrence of delays?  What are the attributes responsible for the occurrence of delays? After exhaustive exploration of literature, four criteria have been identified to determine the party responsible for occurred delays, i.e., financial issues, partnering, error identification and rectification and site conditions. The validity of these attributes will be tested in further sections using the Analytical Hierarchical Process. The four criteria will be further discussed in detail.
Financial Issues
Successful execution of projects can be ensured by preventing cost overruns and ensuring the projects to finish within the time (Le-Hoai et al., 2008; Shehu et al., 2014) . The real estate sector in India and other countries in the south Asian region is characterised by frequent overruns leading to the abandonment of projects (Deep et al., 2017b) . The factors come under this category: requests for favourable quotes from the client side (Deep et al., 2018) , delay in payments (Orangi et al., 2011; Hampton et al., 2012) , insufficient financial planning, commercial pressure and client's bankruptcy.
Partnering
Partnering refers to the relationship between the client and the contractor in a construction project (Deep et al., 2017c) . Highly transactional relationships are predominant in the construction sector. It is often governed by the number of potential partners available in the market, project complexities, subletting clauses and reliability of the firm considered as a partner. Furthermore, incompetent project team, unfavorable contract clauses also tend to deteriorate partnering characteristics.
Error Identification and Rectification
In developing countries, observation of design error is quite frequent, and the main reason for their occurrence is frequent design changes by the client. Frequent design changes tend to affect project performance; also they lead to negligence and errors (Cerchione & Esposito, 2016; Dang & Le-Hoai, 2016; Daniel et al., 2017) .
Lack of error identification and rectification mechanism in construction leads to time overrun and results in disputes among project participants.
Site Conditions
Site conditions are vital to consider as they are the detriment of smooth execution of projects. Few factors that govern site conditions are the location of the construction site, logistical planning, inventory planning, management and supervision capabilities, onsite facility planning and equipment availability. Inadequate planning to deal with site conditions for a sub-contractor leads to a high risk situation that increases site vulnerability (Kale & Karaman, 2012; Fulford & Standing, 2014; Deep et al., 2016; Barman & Charoenngam, 2017; Deep et al., 2017e; Komurlu & Arditi, 2017) . Furthermore, major administrative clearances are also essential to ensure smooth construction activity on site as it could lead to legal issues.
RESEARCH METHODOLOGY
Within the framework of the research, mixed research methods have been used, i.e., review of recent literature, a questionnaire-based survey, and a series of structured interviews. A survey is a non-experimental, descriptive research strategy broadly used to survey mentalities and qualities about the scope of subjects . A web-based survey was conducted in November and December 2016, and the data were compiled in a web-based database. The structured interviews were conducted amongst 43 experts to document their views and to validate the results of the questionnaire-based survey.
The study is further based on the application of the Analytical Hierarchical Process (AHP) (Saaty, 2008) to identify critical delay factors. The study is a continuation of the work of Deep et al. (2017c) , and apart from the identification of critical factors also focuses on the calculation of delay accountability. Application of AHP was useful to identify the most common criteria in a rational and transparent way. Choosing the AHP method for identification of delay causing attributes allows overcoming the limitations of traditional methods. As discussed before, our case study was managed in Lucknow region of Uttar Pradesh (India) due to high levels of investment incurred in real estate segment. Cost, time, and quality were the three main items on which managers mostly focus in order to control the projects, but project delay management by itself should be noticed as a factor that affects other items. Thus, to finalize the project and meet predefined objectives in terms of cost, time and quality, management regarding handover should be addressed parallel with other objectives.
Criteria for Pairwise Comparison
The decision hierarchy (conceptual framework) for critical delay factors appears in Fig. 1 , and the pairwise comparison criteria received for the research are shown in Table 1 . 
Fig. 1. Decision hierarchy (developed by the authors).
The priorities will then be consolidated through the hierarchy to give a general need for each actor. Application of AHP will determine priorities for the actors regarding each decision criterion, and priorities for each criterion are based on significance for achieving the objective. The gathering of priorities with the unique need will be the most responsible option, and the proportion of the gathered' priorities will show their relative qualities in achieving the objective. 
Criteria for Measurement
The priorities derived from progression of measurements in light of pairwise comparisons will include all nodes of decision hierarchy. The nodes at each level will be compared in a 2×2 matrix based on dependence on the preceding node. The results of these comparisons will be handled numerically to infer the priorities for each node. The comparisons are made by comparing the choices with deference in their strengths to address each criterion. In this step, each criterion will be compared based on its significance for achieving the objective.
Since there are three alternatives (owner, contractor and third party) and comparison of each actor is necessary, three pairwise comparisons must be performed for each criterion: Owner versus Contractor, Owner versus Third Party and Contractor versus Third Party. For each comparison, the weaker actor will be identified by the criteria focused. At that point, a relative weight is allocated to the next party.
DATA ANALYSIS
The current study follows the data analysis methodology applied by Arantes et al. (2014) ; Arantes et al. (2015) ; Ferreira et al. (2015) . In this study, a 2-step analytical hierarchical process has been used. Figure 2 shows the AHP hierarchy after the analysis. The objective of this process is to identify the actor who should be blameworthy for the occurrence of delay. After analysing the first leg of hierarchy, it has been observed that "contractor blameworthy" is the most preferred alternative with a priority of 0.493. It is preferred about a third over "owner blameworthy," whose priority is 0.358, and is about three times more than the "third party," whose priority is only 0.149. The criterion "Financial Issues" is the most important one concerning reaching the goal, followed by "Partnering," "Error Identification and Rectification," and "Site Conditions" whose relative weights are 0.547, 0.270, 0.127, and 0.056, respectively. We will further discuss the detailed calculation procedure. The results of the analysis are shown in Tables 2-6.
Calculation of Priorities
In this process, the next step will be to compare each actor by financial issues. For each comparison, a weaker actor will be identified and assigned a relative weight of 1. Then, relative weight is assigned to the fiscal matters of the other actor using AHP fundamental scale, and a similar process can also be repeated for other criteria. By solving this matrix, priorities can be derived for the parties concerning fiscal matters. The priorities are measurements of their relative strengths, derived from the judgments of the decision makers as entered into the matrix. Mathematically, priorities can be calculated by obtaining the eigenvector for the matrix. These priorities thus calculated are shown in Tables 2-5, along with an inconsistency factor.
Comparison of Criteria
After evaluating each actor by its strength to meet each criterion, each criterion will be evaluated by its significance to achieve objectives. Therefore, in this process, a series of pairwise comparisons will be performed. At this stage of work, structured interviews were used to assess each criterion. The comparisons will require a larger matrix, but they are analysed using the same process as smaller ones (see Table 6 ). As it can be observed in Table 6 , financial issues are the highest ranked criterion, about twice as important for reaching the goal as the second-highest ranked criterion -error identification and rectification. Similarly, error identification and rectification is about twice as important as partnering, which in turn is more than twice as important as site conditions.
Decision making is a vital activity for construction projects, especially at early stages and based on the analysis of previous experiences. In this regard, AHP uses criteria and sub-criteria organised in a mathematically modelled hierarchical structure, which makes it possible to decide which alternative is best for achieving the intention. On this basis, a decision-support system can be developed to reduce the risks caused by the uncertainty of the decision and eliminate delays in a highly ambiguous project environment.
CONCLUSION
Calculation results of questionnaire-based survey and priority have demonstrated that the contractor is responsible for delays in construction projects. From survey results, it has been observed that factors, i.e., financial issues, partnering, error identification and rectification, and site conditions are the major attributes that affect contractor's performance. A series of structured interviews conducted with experts and professionals have validated the findings. If these attributes are controlled, then cost and time overruns in a construction project can be checked to a greater extent. The knowledge gained about time overrun causes, and the way they are affecting the construction industry might prove to be beneficial to the stockholders involved in the construction domain, thus resulting in the improved performance of the real estate sector. 
